We are investigating scintillator performance in radiographic imaging systems at x-ray endpoint energies of 0.4 and 2.3 MeV in single-pulse x-ray machines. The effect of scene magnification and geometric setup will be examined along with differences between the detector response of radiation and optical scatter. Previous discussion has reviewed energy absorption and efficiency of various imaging scintillators with a 2.3 MeV x-ray source. The focal point of our study is to characterize scintillator blur to refine system models. Typical detector geometries utilize thin tiled LYSO:Ce (ceriumdoped lutetium yttrium orthosilicate) assembled in a composite mosaic. Properties of individual tiles are being studied to understand system resolution effects present in the experimental setup. Comparison of two different experiments with different geometric configurations is examined. Results are then compared to different scene magnifications generated in a Monte-Carlo simulation.
INTRODUCTION
The spatial point-spread function (PSF) of radiation-to-light converters, used as bremsstrahlung radiation detectors in flash 'x-ray' experiments, is generally characterized by a crisp, high-frequency component in combination with longrange low-intensity 'tails'. Accurate parameterization of these functional forms over several orders of magnitude generally requires the sum of many different weighted functions, indicating a number of different processes may be present. While the calculation of a radiation-induced scatter background is possible by well-vetted Monte Carlo codes such as MCNP or GEANT4, characterizing the optical response of these materials on a first principal basis remains more difficult. Properties such as volume defect density, surface conditions, and treatment, as well as the optical system employed in the measurement, all influence the exact shape and extent of the PSF tail. Further, accurate characterization and understanding of these response functions is necessary for the precise calibration of the measured, high dynamicrange, high spatial -frequency transmission images, into units of object areal-density.
Experimental configurations have tested the extremes of the recording system from large dense objects with limited x-ray penetration to very thin objects that may produce very little scene contrast. For operational system configurations of dynamic shots we find that the dominant blur component due to x-ray scatter can be attributed to the containment vessel. With our current study we have removed the containment elements from the direct beam in order to examine, as best as possible, the isolated detector response. System models can then be used to refine experimental design and optimize data quality. These models incorporate the characteristics of the radiographic components-the source, collimation and shielding, the object, the radiation-to-light converting scintillator, the optical relay system, and the recording camera. 1 Radiographic system blur is a compilation of the x-ray source characteristics, the object radiographic magnification, and the detector impulse response. Both x-ray and optical scatter can contribute to a uniform background grey level that will affect scene contrast in addition to adding long-range components to the point spread function (PSF) of the system; however, the isolated optical portion of the detector impulse response will have a more subtle effect, such as truncation- Detector Blur reset of the optical portion of the blur at the boundaries of two adjacent tiles. Generally, a rolled-edge object is used to measure these system characteristics. Source spot size is measured with the rolled-edge in high object magnification geometry, positioned closer to the source than the detector. Object magnification is then defined by the cone beam geometry of the source to the detector ( Figure 1 ). To investigate the detector blur with the 2.3 MeV x-ray source we position the rolled-edge as close to contact with the detector as possible, which we term the low-magnification geometry, in order to minimize source blur for measurement. A contact position is not achieved with the 2.3 MeV experiments due to geometric constraints, however using the lower energy x-ray source we were able to examine a contact position detector blur measurement. These two measurements will now be discussed.
METHODOLOGY

Technical approach
A series of scintillator spatial resolution measurements were made using a low-energy Platts flash x-ray source 3 and a 2.3 MeV x-ray source. These measurements studied the excessive tail in the edge-spread function (ESF) measurement, observed at the 2.3 MeV x-ray source, of planar LYSO. 4 It is assumed that the tail in the ESF is primarily due to optical and/or x-ray scatter. It was decided that the Platts flash setup would be an interesting source for discriminating these processes. While the energy of the Platts source is higher (~400 keV end point-W anode) than one might wish, if radiation scatter is the primary source of the tail, either in the sample or in the higher energy experimental geometry, it should be greatly diminished as the 400 keV endpoint is within a region dominated by photo-electric absorption. Further, the Platts geometry has no scatter sources in the main beam. Therefore, if we assume that the tail of the ESF is due to optical scatter, and one takes into account differences in geometry, there should be little or no change in the ESF. However, if the tail of the ESF is due primarily to radiation scatter processes, these two experiments should show a substantial difference in magnitude of the tail shape. Measurements were made on the following samples: 
Conclusions from data
In a measurement of detector resolution, the observed data can be described as a convolution of a source driving function, a presented scene, and the detector resolution. By placing a rolled edge in near contact with the scintillation detector, we use geometry to, hopefully, make the source width contribution have a negligible effect on image quality. What remains is = * ,
which highlights the fact that the shape of the PSF must be convolved over the entire illuminated area.
Figures 2a and 2b show spatially scaled rolled-edge images of two collimation scenes comparing the 2.3 MeV x-ray source image to the Platts flash image. Figure 2a with the 2.3 MeV source shows a clean collimation profile around the rolled edge object centered in the field of view. Figure 2b is the contact rolled edge with the Platts flash, the beam collimation is near the source with limited extent which shows significant source blur. The beam profile of the Platts flash was examined with a Fuji phosphor. The phosphor screen provided a direct shot comparison to the LYSO and also allowed full Platts beam diameter at the detector plane to be captured. A camera was then used with a zoomed in field of view for better sampling of the detector edge image. Figure 3 shows the ESF of the data. The 2.3 MeV x-ray source data were taken with low-magnification geometry, while the Platts data were taken with contact geometry. Upon initial inspection, the amount of tail evident in the Platts data appears to be significantly less than that observed with the 2.3 MeV source. However, one must take into account the effect of integrating the tails in the PSF over the collimation dimensions, as illustrated in Figure 2 , when making these comparisons.
To better compare these data sets, a parameterized PSF was derived from the 5 mm, low-magnification 2.3 MeV x-ray source data and is shown in Figure 4 . This data-derived PSF exhibits interesting characteristics. First, as mentioned earlier, there are two high-frequency components evident in the range of ±5 mm. Then there are two distinct long-range components observed. The first extends from 5 mm to 20 mm, and the second extends from 20 mm to 100 mm. The parameterized detector PSF was then convolved with the synthetic scenes; the plot is shown in Figure 5 . These scenes are meant to simulate the effect of the different collimation dimensions between the two different experiments. ESFs derived from these synthetic images are plotted with the two data-derived ESFs and are shown in Figure 6 . The matching of the 2.3 MeV x-ray source data with the 200 mm convolved synthetic data shows the fidelity of the fit, as well as the process. Applying this same PSF to the 41 mm aperture data reveals similarities and differences between calculated and measured results. The magnitude of the long range tail begins to converge at 10 mm, and this would seem to indicate that the primary source of the long-range tail is optical scatter in the material. The reasoning being that the optical processes in the scintillator are the one blur source common to both these experiments, and simple convolution . Measured ESF functions plotted with modelled result using PSF and geometries shown in Figure 5 . As expected, the PSF modeled with the synthetic scene correctly describes the 2.3 MeV x-ray source data. Using the same PSF there appears to be a discrepancy between the Platts data and the modeled 41 mm synthetic scene. This would seem to indicate that the PSF does not correctly describe the scattering features of the Platts measurement.
accounts for differences in tail amplitude with collimation. However, the discrepancy at short range would indicate that the derived 2.3 MeV x-ray source PSF does not correctly describe what is observed at the Platts source.
There are several possible explanations for this lack of agreement between the measured Platts behavior and the PSF modeled result. First, the scintillators are not identical. The modeled result is based on a 5 mm thick sample, while the Platts data were taken with a 3 mm thick sample. Second, the 0.4 MeV and the 2.3 MeV sources will have mid-range scatter differences in the detectors. Third, the fidelity of the 2.3 MeV measurement may be such that we are not obtaining a true detector response function. In order to examine the origins of this discrepancy the 2.3 MeV x-ray source experimental system was modeled and the edge-spread functions were derived for comparison.
The basic configuration of the 2.3 MeV x-ray source was reproduced in GEANT4 5 to examine what effect a change in geometry would have on the rolled-edge measurements. Only the x-ray interactions are considered in the simulation. The scintillation process is not included in order to isolate the effect of radiation scatter in the volume.
The experimental dataset presented in this paper was taken in a low-magnification configuration. The magnification of the object may play a role in the system resolution due to the effects of radiation scatter. In order to assess the contribution arising from this magnification, two geometries were constructed. The first was the current lowmagnification setup, and the second was a still lower-magnification setup in which the rolled edge was in a contact position with the scintillator. In both cases all objects in the simulation were held fixed except for the scintillator position.
A simulated image of the scene was determined by binning the energy deposited in the scintillator into an appropriate bin size corresponding to the system position sampling of the experimental data. This produces an image of the scene that ignores the optical effects of the scintillation process, as shown in Figure 7 . The ESF is then derived in the usual manner by taking a line-out across the edge in the image.
The simulated ESF is shown in Figure 8a . A similar behavior, as seen when comparing the synthetic scene differences in Figure 6 , can be observed around 1 mm from the edge where the two edge responses of the different geometries diverge. This can be attributed to decreased direct x-ray scatter in the contact edge geometry indicating that the fidelity of the measurement in a low magnification position was not a true detector response. The PSF for the simulation was also derived and compared to the PSF of the data, and the result is shown in Figure 8b . Excellent agreement can be observed at short range (between -5 and 5 mm), which would indicate that a majority of the PSF at short range is dominated by radiation scatter. However, the data diverge rather quickly beyond ±5 mm from the center. This would seem to indicate that the optical scatter of the detection system plays a large role in the enhanced tail observed in both the Platts data and the 2.3 MeV x-ray source data. Due to the overestimate of the short to mid-range components for the Platts source convolution predictions as compared to the Platts source data, shown in Figure 6 , this may also indicate that the x-ray scatter portion of the data-derived PSF for the 2.3 MeV x-ray source is an overestimate of the x-ray scatter observed in the Platts source data. 
CONCLUSION
We have studied the detector response of two different LYSO samples at two different energies. By making simple adjustments to the assumptions of magnification and scene size we can qualitatively reproduce the effects observed in the data for two different energy regimes. We believe that the discrepancy observed between the data and synthetic model can be primarily attributed to two things, the difference in the geometric setup and the difference in the x-ray scatter components of the two systems. In addition, we have shown that the optical scatter in the system makes a large contribution to the long-range blur observed in both data sets. With the given results we have begun to isolate the detector response due to radiation blur and optical blur in high-energy x-ray imaging systems.
Further work is needed to fully characterize the x-ray interactions and optical characteristics of these radiographic detectors. Additional studies will further characterize long-range blur in LYSO and refine system models. Continued efforts will characterize detector image quality of spatial impulse response.
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